USVL489-PFR, USVL782-PFR, USVL203-PFR, and USVL020-PFR are watermelon [Citrullus lanatus var. lanatus (Thunb.) Matsum. & Nakai] germplasm lines that exhibit high levels of resistance to Phytophthora fruit rot caused by the plant pathogen Phytophthora capsici. Resistance in these germplasm lines is expressed as significantly reduced to practically no lesion development, rot, or pathogen sporulation on the fruit compared with large lesions, severe rot, and heavy sporulation on commercial watermelon cultivars Sugar Baby, Black Diamond, and Mickey Lee. These four USVL germplasm lines are each highly uniform for growth characteristics, fruit size, shape, and color. Currently commercial watermelon cultivars with resistance to Phytophthora fruit rot are not available. These four USVL germplasm lines may be a useful source for incorporating resistance in commercially acceptable watermelon cultivars.
Origin
Each of these germplasm lines is derived from materials in the U.S. PI watermelon core collection maintained at the USDA, ARS, Plant Genetic Resources and Conservation unit (PGRCU), Griffin, GA. These four accessions were originally collected in Nigeria and classified as Citrullus lanatus var. lanatus. USVL489-PFR, USVL782-PFR, USVL203-PFR, and USVL020-PFR were derived from PI 186489, PI 306782, PI 595203, and PI 560020, respectively. Although PI 595203 was developed as a line with virus resistance in Georgia and deposited in the germplasm collection, the original source used to develop PI 595203 was collected in Nigeria based on the records maintained by GRIN (<http://www.arsgrin.gov>).
Disease Resistance
Phytophthora fruit rot of watermelon, caused by Phytophthora capsici, was first reported in 1940 (Wiant and Tucker, 1940) and is prevalent in many watermelongrowing regions of the United States (Gevens et al., 2008; Granke et al., 2012; Hausbeck and Lamour, 2004; Kousik et al., 2011; McGrath, 1996) . The disease is particularly severe in the southeastern United States where optimal conditions for development of the disease are prevalent. Between 2003 and 2008, many watermelon farms in Georgia, South Carolina, and North Carolina did not harvest a crop as a result of severe fruit rot. In some instances fruits rotted after shipping, resulting in rejection of entire loads and loss of revenue (Jester and Holmes, 2003; Kousik et al., 2011) . Similarly, in 2013, watermelon growers in Georgia and North Carolina lost their crop to pre-and postharvest fruit rot. Such occurrences have led the U.S. National Watermelon Association to list Phytophthora fruit rot as a top research priority (Morrissey, 2006; Morrissey, personal communication) . Because fruit rot has become a major problem in watermelon, developing sources of resistance for breeding into resistant commercial cultivars is considered important.
In the original screens of the core collection and a collection of select PIs conducted in 2009 and 2010, respectively, fruit harvested from individual plants within a PI exhibited varying levels of resistance (Kousik et al., 2012) . Therefore, a pure line selection procedure was adopted to develop highly resistant homogenous individuals for use in breeding programs. The process of developing resistant lines began in a greenhouse with self-pollination of individual plants of each of these four PIs. Fruit from individual plants were screened with a highly virulent South Carolina isolate of Phytophthora capsici. Each fruit was inoculated with a 7-mm agar plug from an actively growing colony of P. capsici on V8 juice agar and placed in a walk-in humidity chamber (greater than 95% relative humidity, temperature 26 ± 2°C). Fruit of susceptible commercial cultivars Black Diamond, Sugar Baby, and PI 536464 grown similarly were included as controls during the selection process. Data on lesion development and sporulation were recorded 5 d after fruit inoculations when large lesions and heavy sporulation were noticed on fruit of susceptible cultivars. Seeds from highly resistant individuals were selected and plants were grown and screened further. During each selection cycle, seeds from two to four highly resistant individual plants were planted for the next generation. In total, we screened and selected individual plants from each PI for five successive generations using a pure line selection procedure to develop S 5 lines designated as USVL489-PFR, USVL782-PFR, USVL203-PFR, and USVL020-PFR. Lesions on inoculated fruit of USVL489-PFR, USVL782-PFR, USVL203-PFR, and USVL020-PFR were barely noticeable around the inoculum plug and were generally less than 1 cm in diameter (range, 0 to 2 cm in diameter) compared with 'Sugar Baby', where the fruit rot lesions were large ranging from 9 to 13 cm in diameter and covered 80% (range, 55% to 100%) of the fruit's top visible surface. Similarly, on the susceptible cultivar Black Diamond, the lesions were 5 to 19 cm in diameter and covered greater than 50% of the fruit's top surface. PI 536464 was highly susceptible in these tests and in most instances the fruit completely rotted and collapsed within 4 d after inoculation. Lesion diameter on PI 536464 ranged from 9 to 18 cm. No pathogen sporulation occurred on inoculated fruit of USVL489-PFR, USVL782-PFR, USVL203-PFR, and USVL020-PFR, whereas heavy sporulation was observed on 'Black Diamond', 'Sugar Baby', and PI 536464 and the mean sporulation intensity was generally greater than 4 on a 0 to 5 scale described previously (Kousik et al., 2012 ; 0 = no sporulation and 5 = greater than 85% lesion area covered with heavy pathogen growth and sporulation). The advanced germplasm lines were evaluated in three field trials in 2012 (summer and fall) and 2013 (summer) to confirm their resistance. Each USVL germplasm line was evaluated in four replicated plots with five To whom reprint requests should be addressed; e-mail shaker.kousik@ars.usda.gov. plants per replication spaced 46 cm apart. Plot-to-plot spacing was 2.3 m. Harvested fruit were inoculated and data on fruit rot was recorded as described before (Kousik et al., 2012) . All fruit rot data were analyzed in an analysis of variance using the SAS procedure PROC GLM (SAS Institute Inc., Cary, NC) and means were separated using Fisher's protected least significant difference (a= 0.05). All four USVL lines were highly resistant to Phytophthora fruit rot compared with susceptible controls (Table 1; Fig. 1 ).
The fruit rind and flesh below the inoculated area and around the plug of the four resistant germplasm lines remained firm even after being in the humidity chamber for more than 6 d after inoculation, thus confirming their resistance. In some instances, a dark lesion below the P. capsici agar plug was formed on some of the fruit. This lesion generally did not extend beyond 1 cm in diameter. On susceptible cultivars, fruit rot also extended within the fruit compared with limited growth to no visible symptoms within the resistant germplasm lines (Fig. 2) . In our previous studies, significantly lower amounts of the pathogen (P. capsici) DNA were detected by real-time quantitative polymerase chain reaction in the fruit tissue of the resistant lines compared with fruit of 'Black Diamond' or PI 536464, further confirming resistance to Phytophthora fruit rot (Kousik et al., 2012) .
All four germplasm lines can be easily crossed with commercial cultivated-type watermelon to produce F 1 and F 2 seeds for breeding purposes. We are currently conducting inheritance studies to determine the genetics of resistance and develop inbred lines with red flesh and fruit rot resistance for use in breeding programs.
Phytophthora capsici is a highly variable pathogen in terms of virulence on fruit (Granke et al., 2011; Quesada-Ocampo et al., 2010) . Furthermore, the potential for existence of races of P. capsici (Glosier et al., 2008; Granke et al., 2011) has also been reported. Therefore, even when commercial watermelon varieties with resistance are developed using these four germplasm lines as resistance sources, an integrated disease management strategy including the use of appropriate cultural practices and fungicides should be used to manage Phytophthora fruit rot.
Characteristics of USVL489-PFR. USVL489-PFR was derived from PI 186489, the seeds of which were originally collected in 1949 from a local market in Ijoko, Nigeria, and deposited with PGRCU in 1950. USVL489-PFR has a runner growth habit with lobed leaves (15.8 · 16.0 cm). The line is monoecious with each plant producing five to six small almost round fruits (11.9 · 11.8 cm). Fruit color is medium dark green with slightly darker green stripes. The color of the fruit rind determined using a Konica Minolta Chroma Meter (CR-400 with 8-mm aperture and 2°viewing angle) and the CIE L*a*b* color data software (CM-S100w SpectraMagic NX, Version 1.7; Konica Minolta) is medium-dark green with mean color coordinate readings of L* = 49.9, a* = -16.1, and b* = 26.2. The darker green stripes on the rind had mean color coordinate readings of L* = 42.02, a* = -14.1, and b* = 20.7. Fruit flesh is very firm and white-colored with mediumsized tan-colored egusi-type seeds. Each fruit generally weighed less than 1 kg (average, 0.87 kg) with the range being 0.64 to 1.25 kg in field tests conducted at Charleston, SC, and Fort Pierce, FL. The Brix value for mature fruit is very low and ranges from less than 2 to 4. The fruit of USVL489-PFR are highly resistant to fruit rot compared with commercial watermelon varieties based on trials conducted in 2012 and 2013 (Table 1 ; Fig. 1) .
Characteristics of USVL782-PFR. USVL782-PFR was derived from PI 306782, the seeds of which were originally collected from a local market in Oyo, Nigeria, before 1965 and deposited with PGRCU in 1965. USVL782-PFR has a runner growth habit with deeply lobed leaves (18.0 · 16.5 cm). The line is monoecious with each plant producing three to four almost round fruits (11.8 · 12.3 cm). Fruit rind color is normal green (L* = 47.4, a* = -18.1, and b* = 28.6) with slightly darker green stripes (L* = 36.4, a* = -13.2, and b* = 16.1). Fruit flesh is very firm and whitecolored with medium-sized white-colored egusi-type seeds. Each fruit generally weighs less than 1 kg (average, 0.91 kg) with the range being 0.64 to 1.52 kg in field tests conducted at Charleston, SC, and Fort Pierce FL. The Brix value for mature fruit is very low and ranges from 1 to 3. The fruit of USVL782-PFR are highly resistant to fruit rot compared with commercial watermelon varieties based on trials conducted in 2012 and 2013 (Table 1 ; Fig. 1) .
Characteristics of USVL203-PFR. USVL203-PFR was derived from PI 595203, the seeds of which were donated to PGRCU in 1990, from Alabama. USVL203-PFR has a runner growth habit with lobed leaves (16.5 · 16.7 cm). Each plant produces almost round fruits (12.9 · 13.3 cm). Fruit rind color is light green (L* = 66.1, a* = -13.7, and b* = 27.2). Fruit flesh is very firm and whitecolored with medium-sized white-to creamcolored egusi-type seeds. Each fruit generally weighs 1 kg (average, 1.2 kg) in field tests conducted at Charleston, SC. The Brix value for mature fruit is very low and ranges from 1.6 to 2.5. The fruit of USVL203-PFR are highly resistant to fruit rot compared with commercial watermelon varieties based on trials conducted in 2012 and 2013 (Table 1 ; Fig. 1) .
Characteristics of USVL020-PFR. USVL020-PFR was derived from PI 560020, the seeds of which were originally collected in Oyo, Nigeria, in 1984 and donated to PGRCU in 1990. USVL020-PFR has a runner growth habit with lobed leaves (16.9 · 17.1 cm). The line is monoecious with each plant producing four to five almost round fruits (12.3 · 12.5 cm). Fruit color is normal green (L* = 48.5, a* = -16.4, and b* = 26.2) with slightly darker green stripes (L* = 39.5, a* = -13.5, and b* = 18.6). Fruit flesh is very firm 1.2 1.4 0.5 z The lesion diameter was recorded on the surface of the fruit that appeared water-soaked. y Pathogen growth and sporulation diameter was the area within the water soaked lesion covered with sporangia and visible pathogen growth as shown in Fig. 1. x Sporulation intensity was the amount of visible sporulation on the fruit surface rated on a 0 to 5 scale (0 = no sporulation and 5 = heavy sporulation covering greater than 80% of the lesion area; Kousik et al., 2012) . LSD = least significant difference.
and white-colored with medium-sized whitecolored egusi-type seeds. Each fruit generally weighs 1 kg (average, 1.03 kg) in field tests conducted at Charleston, SC, and Fort Pierce, FL. The Brix value for mature fruit is very low and ranges from 1 to 3. The fruit of USVL020-PFR are highly resistant to fruit rot compared with commercial watermelon varieties based on trials conducted in 2012 and 2013 (Table 1 ; Fig. 1 ).
Other Diseases
The primary objective of this article is to report the release of four Phytophthora fruit rot-resistant watermelon germplasm lines. However, the original PIs used to develop USVL203-PFR, USVL020-PFR, and USVL489-PFR have also been identified with resistance to other diseases (Davis et al., 2007; Gillaspie and Wright, 1993; Guner, 2004; Strange et al., 2002) . The USVL PFR lines were also evaluated against several diseases in limited greenhouse trials to determine if these lines might still be resistant to some of the other reported diseases.
Zucchini yellow mosaic virus. PI 595203 that was used to develop USVL203-PFR was reported to have resistance to the aphid transmitted Zucchini yellow mosaic virus (ZYMV) (Guner, 2004) . PI 595203 was developed by pure line selection in Georgia from WM-4 with resistance to WMV2 strain FC-1656 (<http://www.ars-grin.gov/cgi-bin/ npgs/acc/display.pl?1048740>). It was also resistant to isolates of WMV2 originating Arizona, California, and New York within the United States and from Israel and Italy. In greenhouse evaluations conducted in Charleston, SC, USVL203-PFR was resistant to ZYMV compared with the susceptible cultivars Mickey Lee and Charleston Gray. USVL782-PFR derived from PI 306782 (which is listed as resistant to WMV2 in GRIN) was more resistant than the susceptible cultivar Mickey Lee but was not as resistant as USVL203-PFR. Germplasm lines USVL020-PFR and USVL489-PFR were susceptible to ZYMV. These results were also confirmed by using a ZYMV-specific antibody in enzyme-linked immunosorbent assay (ELISA) tests (Kousik and Ling, unpublished results) .
Papaya ringspot virus type W. PI 595203 was also reported resistant to Papaya ringspot virus (PRSV) (Strange et al., 2002) . However, plants of the four USVL germplasm lines (USVL203-PFR, USVL020-PFR, and USVL489-PFR) were all susceptible to a Florida isolate of PRSV-W in greenhouse tests conducted in Fort Pierce, FL. Virus multiplication and high titers in these four germplasm lines were also confirmed by ELISA.
Powdery mildew. PI 560020 and PI 186489 used to develop USVL020-PFR and USVL489-PFR were reported to have moderate levels of resistance to powdery mildew (Davis et al., 2007) . The cotyledons and hypocotyls of USVL020-PFR and USVL489-PFR were moderately resistant to a melon race 1 strain of powdery mildew (Podosphaera xanthii) prevalent in our greenhouse when compared with susceptible PI 269677 and the cultivar Mickey Lee. However, USVL782-PFR was not resistant to powdery mildew. Similarly, the true leaves of USVL203-PFR were observed to be susceptible to powdery mildew (Kousik, unpublished results). 
Availability
Small amounts of seeds of USVL489-PFR, USVL782-PFR, USVL203-PFR, and USVL020-PFR produced by hand selfpollination in a greenhouse are available for distribution to interested research personnel and plant breeders. Address all requests to Shaker Kousik, USDA, ARS, U.S. Vegetable Laboratory, 2700 Savannah Highway, Charleston, SC 29414 (e-mail: shaker.kousik@ ars.usda.gov). Seeds of USVL489-PFR, USVL782-PFR USVL203-PFR, and USVL020-PFR will also be submitted to the National Plant Germplasm System where they will be available to interested parties. It is requested that appropriate recognition of the source be given when this germplasm contributes to research or development of a new breeding line or cultivar.
